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Ethene/Propene Copolymerization from MetaUocene^Based Catalytic 
Systems: Role of the Alumoxane 
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ABSTRACT: Bthenfi/propene ^polymerizations were performed with a catalytic system composed of a 
^ta^ae and Jumoxane. The rale played by the elumo**** wasinveat^ted by compatog 
effect* of three different compounds: polyCmsmy^lurAOxane) (MAO). ^ 80 ^^ lu ™ xa ^^ 
a*d ^^aisooctylalximoxane (TTOAO). A thorough comparison was performed roc-ethyleriebis- 
<&SS^^ (r-EBTHI7.rCl 2 ) as the m^locene. 

with isoVapylidcneMs^^ dichloride Cr-MejCO-t-BuCpWrCl,) and 

^£^£S (MesStfWrCl,). Main parameter, at ^polyTn^^Uoa 

^polymers were determined. MAO give* rise to higher poljmeri^i** ^^«*^ T 1 ^^^- 
massesof^e copolymers, A mgSeTTroductivity ie obtained with TIOAO then with TO AO whereas 
KS?*£ MSSTlSha^ very sixnilarly in determining the copolymer ^^rrt^t^t 
elaboration allowed to derive the reactivity ratios of the comonomars The copolymer microst^cture xs 
cSallvdue to the metalloccne, even though a MAO^ased catalytic system shows a slightly lugher 
reactivity for propone. 



Introduction 

Metallocenes had already been used in the 1950s by 
Natta and Breslow, 1 in combination with aluminum 
alkyls, aa catalysts for ethene polymerization, obtaining 
very low catalytic activity. 

A dramatic upsurge of the catalytic activity was 
obtained by Sinn and Kaminsky, in the early 1980a, by 
using a metattocene in combination with poly(methyl- 
alumoxane) (MAO)- 2 MAO, combined m with a^metal- 
locene, is able to give rise to highly active catalytic 
systems for Athene, l-olefins, cycloolefins, and dienes 
homo and copolymerizations- 3 ^ The discovery of MAG 
started a huge research activity, in both the academic 
and industrial worlds , to design on one hand, new 
metallocenes structures and to identify, on the other 
hand, new co catalysts, alternative to MAO. 

Boron compounds, combined with raetallocenes were 
.proved able to promote homo- and copolymerizations, 5 
with a catalytic activity comparable to the MAO-based 



one. 



Montell scientists have discovered and developed 
cocatalvsts based on AIRa compounds, where R is an 
alky] or aryl radical, and B2O. 5 These cocatalysts are 
formed by reacting A1R 3 and HaO, adopting an A1/H 2 0 
stoichometric rati o of 2:1. Different generations of these 
alumoxanes have been prepared in the last years. 7b » 8c ^ h ' 9 
In this work, two alumoxanes alternative to MAO 
were selected: tetraisobutylalumoxane (TIBAO) and 
terraisooctylalurooxane (TIOAO) that arise respectively 
from the reaction of aluminum trisisobutyl and alumi- 
num tris(2,4»4-trimethylpentyl) with H z O- They were 
compared in ethene/propene copolymerizations pro- 
rnoted hv rac^thvlenebis(tetrahydr oindenyl)^coniuTn 
^ dichloride (r-EBTHIZrCk). This work was mainly aimed 
at identifying the role played by a fundamental compo- 
nent of the catalytic system as the alumoxane, in the 
frame of our research in the field of copolymerization. 7 "" 9 
Main copolymerization and copolymer features are 
reported. A statistical elaboration of the collected data 



allowed the obtainment of reactivity ratios of the 
copolymerization. In addition data for copolymenzations 
performed with other metalloceives as roc-isopropy- 
1^— ebi s(3-tert4>uiylHgy^p€utg rtign vDzirconium dichlo- 
ride 10 (rac~Me 2 C(3-t-BuCp)2ZrCl2) and dimethylsilyle- 
nebi sfluorenylzirconium dichloride 11 (MezSiFlusZrCla) 
are shown, 

Results and Discussion 

Ethene/propene copolymerizations were performed in 
solution and at low pressure, adopting the experimental 
conditions carefully described in the Experimental Sec- 
tion, whose selection was thoroughly discussed in a 
previous manuscript 711 

Among these conditions it is worth underlying the use 
of a good solvent as toluene and of a relatively high 
polymerization temperature (50 °C), the low monomer 
conversion, and the low polymer concentration in the 
polymerization medium. 

This method allows us to assume that a homogeneous 
polymerization solution was obtained and that the 
comonomer concentration on the catalytic center was 
reasonably constant. Data and results of the copolymer- 
izations performed with TIBAO, TIOAO, and MAO are 
reported in Table 1. 

The polymerization tests were designed so as to allow 
a reliable collection and elaboration of polymerization 
results and copolymer data, and to have a correct 
determination of the reactivity ratios between the 
comonomers. The low monomer conversion is a conditio 
sine qua non in the frame of this approach, and it was 
achieved in this work, as dearly shown in Table 1, 
through a low productivity of the polymerization test's, 
obtained by using a low amount of catalytic system. This 
set of experimental conditions is definitely far from the 
ideal one to investigate the catalytic activity of the 
catalytic system. Taking also into account that the tests 
of Table 1 were not reproduced a number of times, no 
definite statements are possible on the polymerization 
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alwaoxane 



1 
2 
3 
4 
5 

6 
7 
8 

10 
IX 
L2 

13 
14 
15 
16 
17 

18 
19 



T*blc 1. Ethene/P^cne Co^zation with r-CEBTHDZrOVAlu^^e ^ the C» talytio_3y^ 

. ^ (m ol/mol3 ~ polymer ^parti^ (E * P W 

^ QT iW li quid ph ^i yield (g) activity Cg^gzr) <*hene° (% moD IV(dL/g) 

"~ 54.4 nd 

3300 
9600 
12800 
12700 



TIBAO 



0^0 
0.65 
0.82 
1.06 
2.17 



0.048 
0.15 
0.19 
0.26 
0.51 



0.06 

0.95 

1.5 

2.02 

2.0 



TI0AO 



MAO 



0.072 

O.fcl 

0.39 

0.82 

0.B2 

1.17 

2.51 

0.17 
0.36 
0.72 
1.11 
2.28 

0.79 
2.13 



0.017 

0.049 

0.092 

0.19 

0.19 

0.2S 

0.59 

0.0S9 
0.085 
0.17 
0.26 
0.G5 

0.18 
0.52 



0.08 

0.10 

0.17 

0.30 

0.4S 

2:2 

2.3 

0.05 
2-5 
0.50 
0.80 
1.00 

5.8 . 
6.9 



150 
660 
950 
1900 
3100 
14000 
15000 

300 
15800 
3200 
8700 
11000 

36750 
43700 



54.4 
66.2 
74.2 
78.8 
88.0 

23.3 
49.1 
64.9 
76.3 
78.8 
80.8 
86.7 

15.9 
52.8 
66.4 
72.5 
86.7 

65.9 
80.8 



2.1 
2.4 
2.5 
3.1 

nd 

1.4 
nd 
2.6 
2.9 
3,1 
4.2 

o.r 

0.4 
0.8 
1.1 

2.3 

0.4 
1.0 



(E + .PWfrmcr* (g/g) 

590 
30 
21 
16 
16 



450 
340 
320 
105 
70 ' 
14 
13 

100O 
15 
130 
80 
60 



5 
4 

^olyn.erfcatioa conditio! - 100 rf.; [Zr] = 1.6 * X0~* f^^< whS 

be^^n tbe^mcmers fed to the rector and those converted into the polymer. 



Teblc 2. E th^op.nc Copol^er^tion in Sol u tion with ^THI)ZrCWAl— as the Chafer* Syste^ 
polymer prop erties 

E/P (mol/mol) iiqnid phaae 



t(min) yield (g) activity OWg») ethene (wt %) TV (dl/g) 



20 
21 
22 



TTBA0 
TIOAO 
MAO 



/0.16 
0.16 
0-16 



59 
42 
30 



62 
114 
150 



432 
660 
930 



63.1 
56.9 
54-0 



4.6 
3.9 
2.7 



Polymeric* condition*: ^ol Zr = 1-88; ethene = 44.7 * propene - 388 * heme = 1324 g; A)/Zr = 1000 molar ratio; T = 50 °C. 



activity. However it is possible to observe that J^O 
brings about a higher activity than TIOAO and TIB AO. 
Moreover, data collected and reproduced with experi- 
mental conditions of industrial significance, in aliphatic 
solvents and at higher -monomer concentration, confirm 
the higher productivity of r-(EBTHI)ZrCl 3 when com- 
bined with MAO and allow one to clearly identify the 
higher activity of the TlOAO-based system with respect 
to the TIBAO-based one. Standard tests are m Table 2 
as a support to these statements. 

A high catalytic activity can affect the correct deter- 
mination of the relative reactivity of the comonomers, 
as it appears from the comparison of the results of tests 
18 and 19 with the others reported in the 'same table- 
Copolymer samples 18 and 19 have a remarkably lower 
ethene content than samples prepared with much lower 
catalytic activity and a comparable or even lower ethene 
concentration in the polymerization bath, such as 
samples 16 and 17. In fact, even in the absence of 
remarkable physical limitations, a high catalytic activ- 
ity, bringing about a high monomer conversion, does not. 
allow one to maintain a constant concentration of the 
comonomers on the catalytic center, especially of the 
most reactive one, i.e., ethene. This brings the catalytic 
system in a starving situation with respect to ethene 
and leads thus to a reduction of the ethene content in 
the copolymer. In this case the values determined for 
the reactivity ratios of the comonomerB are therefore 
incorrect and the relative reactivity of ethene is under- 
estimated. , 

From the mtrinsic viscosities data, reported in Table 
l t it appears that copolymers with higher molecular 




0 10 20 30 40 SO 60 TO BO 90 *D 

Failure 1. Intrinsic viscosity <dL£) <rs ethene 'Content for 
ethene/propene copolymers prepared with r-(EBTOCI)ZrCl 5 and 
TIBAO (■), TIOAO U>, and MAO (♦) as catalytic system. 

mass are prepared with TIOAO and TIBAO, whereas 
lower molecular masses are obtained with MAO. Figure 

1 built with the data of Table 1, shows that the intrinsic 
viscosity of the copolymers increases as the ethene 
content increases, following a trend already reported for 
different types of metallocenes, 9 which is also typical of 
the ethene/propene copolymers produced with other 
catalytic systems.* 2 It is interesting to observe that the 
slope of the lines described by the different alumoxanes, 
TIOAO/ TIBAO, and MAO, are pretty similar. The 
typical molecular mass distribution of metaUocene- 
based polymers was shown by. the GFC analysis: samples 
2, 8, 9, U, arid 16 have MJM* values ranging from 2 to 

2 3 to indicate that the three alumoxanes give identi- 
cally rise to single center catalytic systems. This was 
also confirmed by fractionating the copolymers of Table 
2, with a method 70 ' 13 that allows one to isolate fractions 
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Table 3 Fractionation of Two ILthcne^ropene Copolymer Obt^d with ^(BBTHDZrCU as Catalyst and TIBAO 

Table <J. irracnoma^Q (Sam ple 20») or TIP AO (Samplo 21°) as Co catalysts . _ 

______ — etheae (wt %) " .fV (dl>g) _ 



fraction 



wt % of the fraction 
solvere)* (vol/vol) sample 20 sample 2 1" 



ether 

cther/haacane =» 95/5 
ether/hexane - 90/10 
etber/heT^ne « 80/20 
none 1 ' 



raw polymer 
1 
2 
3 
4 
6 

'-^p^ral the Dumber* of the corraspondig r»na. * Ether = diethyl ether. - 0-2% of this copolymer was extracted with etW 
acetone = 80/20 CsoWol). * Residual fraction. 

Table 4. "C-NMK Triad Distribution, for Obtained with r^BTHDZrCVAlumo, 



4.X 
10.4 
70.9 
11.9 
100.0 



15.7 
18.3 
24-6 
37,2 
4.1 
99.8 



sample 20 

iil 

60.1 
599 
60.8 
62.9 
64.4 
62.7 



sample 21 

66.9 
61.7 
S3 .2 
56.7 
61-0 
63-9 
57.1 



sample 20 

4^6 
1.1 
1.5 
2.3 
4.8 
7.3 
3.6 



sample 21 



3.9 
1.7 
2.7 
3.5 
5.0 
7.5 
3.8 



aC as the 



triads 



sample* cocatalyst "E/F* (mol/mol) (g mol) F?P 



PFE 



EPE 



1XBAO 



0.048 

0.15 

0.19 

0.25 

0.51 



64.4 
76.0 
74.2 
78.8 
83.0 



13.1 
2.2 
0.0 
0.9 
0.0 



6 
7 
8 
9 

10 
11 
.1* 
13 
14 
15 
16' 
17 
IS 
19 



TIOAO 



0.017 233 49.3 

0.049 49.0 15.8 

0.092 64.B 4-6 

0 19 76.3 1.3 

0.19* 78.8 0.5 

OJ28 80.8 1.0 . 

0.59 / 88.7 0.0 

MAO 0.029 15.9 64.1 

0O86 - 5^.8 11.3 

0 17 66-4 4-4 

0.26 72.5 2.7 

0.54 86.8 0-7 

0.18 r 65.9 3-2 

0.52 S0.9 0.0 

« Samples have the number of the corresponding runs. * Feed ratio in liquid 
distribution as £ - EEE + EBP + PEP. 



13.9 
5.2 
6.5 
4.4 
2.5 

20.8 
16.8 
10.1 
4.6 
4.3 
3.7 
2.1 

17.3 
16.0 
8.9 
7.1 
2.1 
10.1 
3.7 



18.6 
17.6 
19.3 
15-9 
9.5 

6.6 
18.4 
20.5 
17.8 
16.4 
•14.5 
9.2 

2,7 
19.9 
20.3 
17.7 
104 
20.8 
16.4 



PEP 


PEE 


EEE 


17.8 


24.7 


- 11.9 


5.7 


28.8 


40.5 


2.4 


25.5 


46.3 


6.1 


28.8 


43.9 


0.0 


,21.1 


66.9 


14.0 


.7.6 


1.7 


17.1 


22.0 


9.9 


9.6 


29.3 


25.9 


5.2 


28.3 * 


42.8 


5.1 


27.8 


45.9 


4.6 


27.6 


48.6 


1.6 


19.0 


68.1 


10.0 


5.S 


0.4 


14.3 


25.1 


13.4 


8.2 


28.2 


30.0 


6.9 


29.5 


36.1 


2.2 


21.6 


63.1 


9.8 ' 


32.4 


23.7 


4.0 


26.9 


50.0 



phase. 6 Copolymer composition obtained from triad 



having different chemical compositions, if there are any 
Ln the copolymer. Results of the fractionations are 
reported in Table 3 and clearly show the narrow 
chemical composition distribution of a copolymer pre- 
pared from a metzdlocene-based catalytic system acti- 
vated by an alumoxane other than MAO. 

The micro8tructure of the copolymers was fully char- 
acterized through 13 C NMR analysis. Triad distributions 
are in Table 4 for TTBAO-, TIOAO", and MAO-based 
samples, respectively. These data were elaborated 
through a method, already reported Ltx previous manu- 
scripts, 7 '' 9 that allows one to determine the statistical 
model suitable to describe the copolymerisatiou as well 
as the reactivity ratios between the comonomers. A 
second-order Markov model was found to allow the best 
fit of the experimental data. Graphics are reported in 
Figure 2 for the TIOAO-based samples, to show the 
comparison between the first and the second-order 
Markov model for fitting the experimental distribution 
of the P centered triads. The P centered triads were 
selected to indicate that a second-order Markov model 
has to be adopted to justify, in particular, the amount 
of this type of sequences. This statistical model was 
already adopted by Fink 14 to describe copolymerizations 
promoted by r-Me 2 SiInd22rCl2 and r-MejtCCpFUiZrCls 
as the metallocenes. We have already commented on the 
selection of a second-order Markov model for copoly- 
merizations promoted by metallocenes* of the type 
r-XIndaZrCla or r-XCH 4 Ind) 2 ZrCl2 where X = ethylene 



or dimethylsuylene. 7a * However, a mechanicistic inter- 
pretation of these results is not yet available. Hence, it 
is only possible to say, at the present stage of the 
research, that the selection of a statistical model to 
describe a copolymerization is essentially justified by 
the optimum fit with the experimental data. As a 
consequence of the adoption of the second-order Markov 
model, the following reactivity ratios can be derived: 

r n = ^111^112 
r 21 ^211^212 
1*22 ~ * 222^221 
r 13 = ^122^121 

In Table 5, the values obtained for TTBAO-, TIOAO-, 
and MAO-based copolymerizations are reported; It can 
be commented that TTBAO and TIOAO give rise to 
almost identical reactivity ratios. For the MAO based 
catalytic system, a higher reactivity for propene seems 
to be indicated by the lower r u and r 23 . values and by 
the higher r^^nd r^z values. However, one has to say 
that the difference with the values obtained with TIBAO 
and TIOAO is subtle, and in conclusion, all the reactiv- 
ity ratios lie in a pretty narrow range. The values of r x 
and T2 reported in the hterature for metallocene-based 
copolymerizations cover a. much broader latitude. There- 
fore, it is possible to say that the results of the 
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Figure 2. Molar fraction of triads cen tered on propane vs 
copolymer composition for ethene/propene copolymers pre- 
pared with r-CEBTHI)ZrCl^TIOA0 as catalytic system. Com- 
parison of first- and second-order Markovian models (MK1 and 
MK2 respectively). 

Table 6. Reactivity Ratios for Ethene/Fropene 
Copolymerizatioris w*th r-(EBTm>ZrCWM%iinoxaxie a* 
the Catalytic System 0 



reactivity ratios* 



alumoKane 



ri2 



TIBAO 
TIOAO 
MAO 



15 ±1 
14.8 ± 0.8 



0.08 ± 0.03 
0.082 ± 0.008 
0.29 i 0.07 



16 ±4 
15 ±2 
10*3 



0.020 ± 0.006 
0.024 ± 0.0O3 
0.04 ± 0.01 



14 The experimental conditions are indicated in Table 1 for 
TIBAO-, TIOAO, andMAO-baaed tests, respectively. fc Calculated 
with the method described in refa 7c and 9 using a 2nd order 
Markovian rocdal. 

copolymerizatioris described in this manuscript can be 
reasonably correlated with the structure of the metal- 
locene and float the cocataJyst plays a minor role. To 
further investigate this aspect, a cocatalytic system 
other than, an alumoxane, composed of a boron com- 
pound and Al (isobutyl)^, was used, in combination with 
rvEBTrHZrCl2, in ethene/propene copolymerizations 
performed under the same experimental conditions. A 
careful rationalization of the collected results is in 
progress. However, from the available data, the reactiv- 
ity ratios can be calculated through the same statistical 
method: r u = 16.6 ± 0.6, r 2 i = 11-7 ±1.0, r 2 a = 0.11 ± 
0.01, and ^ = 0.027 =fc 0.03. 

The values obtained with the boron compound are 
very similar to those of TIBAO- and TIOAO-based tests 
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Table 6. Micxoptmcture of Ethene/Propene Copolymers 
Obtained with r-CEBTHDZrClj/Alumoxanc as the 
Catalytic System 



alumoxane sample 9 



P content 
in the 

copolymer 
Craol <&) 



rejoin* 

PPP/P iso-index* (mol %) 



TIOAO 
MAO . 



6 
13 



76.7 
84.0 



0.63 
0.75 



58,2 
53.6 



1.2 
0.81 



* Samples have the numbers of the corresponding runs. Cal- 
culated with the following e<ruation: iso-index = {Tfi^^AiTfiphnm 
4- (T^nxrH-r] (where Tffg = (CKW). " Values corresponding to the 
lower limits calculated according to ref 19. 

and fall in the same range described by the three 
alumoxanes. 

The microstructure of the copolymers of Table 1 was 
also investigated to assess the stereo- and regioregu- 
larity of the propene placement. Samples with different 
propene content, prepared with the three cocatalysts, 
were analyzed. Results are collected in Table 6 for 
TIOAO- and MAO -based samples to show that similar 
values axe obtained for both isotacticity (pretty far from 
100%) and amount of regioirregularity, and this leads 
one to exclude a detectable influence of the cocatalyst 
on these aspects. . 

AJumoxanes alternative to MAO were studied also in 
ethene/propene ^polymerizations, promoted by metal- 
locenes other than KEBTHDZrCla- The metaUocenes 
Me?SiFlU2ZrCl2 and r-Me^Ctf-^BuCp^rCh were se- 
lected for this investigation, as suitable candidates for 
the preparation of ethene/propene copolymers with 
almost alternate distribution *.<U^.* a and with long 
sequences of comonomers, 70 ^-^ respectively. A de- 
tailed discussion of the copolymerizations promoted by 
these roetallocenes, particulary as far as the statistical 
copolymerization models are concerned, have been 
already reported 7c and will be also published in forth- 
coming manuscripts. 16 

In Tables 7 and 8 polymerizaUons data as well as 
copolymer characteristics, in particular the triad dis- 
tribution and the product of the reactivity ratios, are 
shown v is a vis for MAO- and TIOAO-based tests. These 
results prove that also in the case of copolymerizations 
characterized by very different product of reactivity 
ratios, the copolymer microstructure can be correlated 
with the metallocene used for the copolymerization 
rather than with the type of the cocatalyst. 

Experimental Section 

General Procedures and Materials. All reaction* and 
manipulation were carried out under dry nitrogen atmosphere 
using the Schlcnk tube techni que. All the chemical a wore 
stored under nitrogen- ^ " . 

Toluene (Carlo Erba RPE) was deoxygenated by bubbling 
dry nitrogen, maintained overnight under nitrogen in the 
presence of CaCla, filtered, rcfluxed for 8 h over Al(isobutyl) 3j 
and finally distilled. % ^ n , 

Hexaoe (Carlo BTba, RPE) was refluxed for 8 h over 
AHisobutyDa and distilled. 

Polymerization sprade ethene and propene were received 
directly from Wont ell Ferrara plants. Btbeme/propene mixtuxea 
were prepared in a 5 L steel cylinder, filled with Quantities of 
the two gases small, enough to prevent their condensation. 

TIBAO (Witco, 10fl> w/w in cydohexane) and MAO (Witco, 
10% w/w in toluene) were uaed without any further treatment 

TIOA was purchased from Witco and used as a 20% (wt/v) 
Rolntion in hexane. . • 

• r.(BBTHI)2rCU f was purchased from Witco and analyzed 
through *H NMR to aseeas its chemical purity. 
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uquid yield activity ethene* ™ 

^ metallocBnc alumoxano 



S aa liquid yieia acwray T™'„ 



CdUg) 



23 
24 

2$ 
26 



r-MegCCS-e-B-a-OpWZrCla 
McaSiFltLaZiCh 



MAO 
TIOAO 

MAO 
TIOAO 



2.2 
2.2 

1.9 
2.2 



0.53 
0.33 

0.50 
0.53 



0.5 
0.4 

0.4 
2.8 



3440 
1270 

1300 
8300 



92.5 
95-2 

76.2 
71-9 



0.7 
n.d. 



(E + P)fc«V 

52 
72 



72 
U 



mixture a 1.5 ^ — - L 

into the poller. Activity Ratios for Etbene/Propene Copolymer* Obtained with 
Table 8. "C-NMR Triad D>^°^g^g^g^g^« Catalytic System . 



sample* 



24 



26 



catalytic system 



E/P* 



jnol) 



triads 



^MeiCKS-t-Bu-CphZrCljyTIOAO 

MeaSOTuaZtClVMAO 
Mfc^tFlu^rClj/riOAO 



0.53 
0.53 

0.5O 
0-53 



92.5 
95.2 

76.2 
71.9 



ppp 


PPE 


EPE 


0.0 


2.5 


4.9 


0.0 


1.5 


3.3 


0.0 


1.7 


22.0 


0.0 


2.7 


23.4 



PEP 



"pee Sse fy** 



0.8 
0.0 

7.8 
11.4 



10,6 
7.1 

30.7 
33.2 



81.2 
$8.2 

83.3 
27.3 



3-5 
4.7 

0.09 
0.09 



* Dave uuh uw.'^v. — ri_ 

EBB.** Calculated according to tb€ 20- 



rMe^CS^-BuCpfcZrCi* w ae prepared i* Moixtell following 

t£S™AO. Frcp^on of TIOAO for the 
svnthesis of sample 3 is reported a$ an example. 

tt„0 was added at. room temperature with a syringe, and the 
H2O wae ooaeo * T -™> "L^V- 10 ^ ot room temperature, 
resulting soJvitaon was stirreaior xv cuiu» i,—.,. 

Determination of the Concentration of the Polymer 
JtiSS. The vapor-liquid equilibrium fox ^ 
S.Xv«»e and e thcne/propene/he*ane ^T^.^ 
estimated from the Redlich Kwong Soave e e * 
of thermodynamic equations was •**^J^£5 ] 5u 
^nnnEon with experimental results among those avaname 
SS pi^Kse 9), commercialised by Aapenjfecta* 
SylCTh. concentrations of the comonomers were hence 

( ^Wexizationa. T.ow-Pr~sure P^™"*** 1 ^'.^ 

^dTpipe^o feeding- Preparation of sample 3 is 
« P orte P d P ai an example. First lOO.mL of toju«w imdl^mLof 
MAO solution (1-73 mmol of aluminum) were mfeod^ed^mto 
^nitrogen-purged reactor, kept in a the^ost^c b^At 
the oolvmerization temperature, the monomer mixture was 
S| witHTow of 1-5 iJmin. The composition of the gaseous 
eleTSropeTe mixture was determined before and durmg 
fchTteet The adopted conditions were reported to allow the 
eSihbrivS b£n Mq^id and ^eoue phas^or^e m<mo- 
I'"n the equilibrium pressure (1.1 *^ ^J^^ 
^e obtained trough a mercury vahve) waa reached 0^ mg 
<^3 mnbl) of catelyst. dissolved in 5 mL oT teluc no in the 
ore^nce of 1-2 tfmol of MAO, was added to start the 
^erLahon. During the polymerization, the 
wafkept within ±1 'C. The polymerization was stopped a^r 
I 5 uun by adding 1 mL of methanol, and the copolymer wee 
recovered by precipitation in methanol/HCl and filtration and 
finally dried at 50 °C under reduced pressure. 

Hteh-Pressure Polymerization. Polymerizations were 
L steel autoclave, equipped with a mechanical 
£SreTari external jacket for the circulation of a mixture of 
S'and water to regulate internal temperature a glass 
wSdow to have a visual control of the reaction, and valves 
for the introduction of liquids and gases. Temperature, pres- 
.! . .... „j» fc-^-nf were reeulatcd and controUea by 
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Preparation of sample 20 is reported as an 
First 2090 mL of hesane, 42^4 g of eth ene and* 95-0 g«f 
p^pene were induced into *e autoclave atmom temper^ 

JS<3* ZE^ZSL^Z* in the amount 
SXmoxane solution (0.372 g of Al) was injected 

During the polymerization, the pressure wae kept J constant 
by feedSL ethencand the temperature was maintamed I within. 
l^Tl nomogeueoue polymer ^ tt ^t/^e I9 ^nd 
The reaction was stopped by injecting CO J"™^£JZ 
solvent were purged out and the copolymer was recovered by 
preSpVtTtSn Si acetone and filtration and dned under reduced 
pressure at 60 "C for 3 h. 

Polymer Analysis. Intrinsic viscosities were determined 

Performed on ^ a ^gj*^^ i.^ichlorobenzene as 
^ven^?^ 

■used as standards. . 

Copolymer Fractionation. The fractjonataon of the co- 
pol^eraCaf performed using a sequence of solvents 
1° a^Sure) with increasing solubility ^power^at the* bodmg 
uoint. First 600 mL of the solvent with, the lowest soh*^ 
oower end 6 0 g of polymer were introduced, under nitrogen 
S ™ ro^nd-bottomed flSu equipped 1 with mechanic^ ,1 starry 
The mixture was allowed to reflux for 6 h and tben to reach 

oresaure and weighted. 

The unsolved polymer was treited in the same way using 
J^S wf^sXbOity Powerhigher ^ previous 

^solvXoCer^rthan^^ 
w^ lactionT^th increasing etbene content are separated 
NMR Analysis. "C NMR spectra were obtained with 
BrS)MorDr)(400 spectrometers 
tivXat S0.32 and 100.62 MHz in the Fourier tr^orm mode 
a7l20 -C. The peak of the S« carbon (oc^enclatureacc^dmg 
to Carman 1 ') was used as internal reference (6 ■= 29.9 ppm) 
^were dissolvedm 1.1.2^-tetochloroetWe^at 

to U^H-? conpLg. AboutSOOO^ 
slants were stored in 32K data points using a spectral window 
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Triad distribution was calculated according to Kakugo. 1 " 
Data for sample 23 were obtained according to ref 7c» 
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